abstract aim: To analyze and report the short term sensorineural hearing loss with radiation alone and chemoradiation in patients with oral cavity tumours (Ca tongue and Ca Buccal mucosa) treated with conventional radical radiotherapy and concurrent weekly cisplatin.
introduction
Oral cancer is the most common cancer in India amongst men (11.28% of all cancers), the fifth most frequently occurring cancer amongst women (4.3% of all cancers) and the third most frequently occurring cancer in India amongst both men and women [1] . The higher incidence in the Indian population is probably attributed to the higher incidence of tobacco chewing and Gutka. Gutka is a complex preparation made from crushed areca nut, tobacco, catechu, paraffin wax, slaked lime and flavoured with savours traditional to India [2, 3] . The clinical observation amongst Indian oncologists is that Gutka may cause cancer earlier than tobacco chewing and may be more aggressive. The standard of care for early oral malignancies is surgery ± adjuvant radiation and in locally advanced lesions it is chemoradiation [4] . The hearing threshold reduces incrementally with increasing RT dose. Some studies have predicted significant hearing loss (HL) with doses of 40Gy to cochlea with RT alone. When concurrent cisplatin was used, the threshold dose may drop to as low as 10Gy [5] . The QUANTEC review suggests a tolerance dose of ≤ 45Gy for the cochlea with standard fractionation [6, 7] which leads to approximate ≤15% SNHL. Chemoradiation is the present standard of care for locally advanced lesions [4] . However chemoradiation enhances toxicity at the cost of improved OS and PFS [8] [9] [10] . The hearing loss associated with radiation is generally of lower frequencies and tends to progress with time. Hearing loss is quantified in decibel units and classified based on decibel loss as follows: mild -26-40(dB) moderate41-55(dB) severe 56-70(dB) profound 71-9(dB) and deaf ear >91(dB) [11] . Borsanyi et al. and Leach demonstrated that radiotherapy has a direct effect on the sensory epithelium and alters the vascular physiology of the cochlea by damaging its ciliated cells and the spiral ganglion leading to atrophy and SNHL [12] [13] [14] . Hearing loss can be a major handicap amongst elderly people treated for head and neck cancer. Hearing loss has multifaceted psycho social effects on individuals, ranging from loneliness, depression, anger, anxiety to even suicide and decreases the QOL.
inclusion and exclusion criteria: 1) Only oral cavity tumours were included (Ca Tongue and Ca Buccal mucosa). Other regions like larynx and nasopharynx were excluded from the study. 2) Only confirmed squamous cell carcinomas were included, all tumours other than this histology were excluded. 3) Cheek and tongue malignancies that were either locally advanced, inoperable and due for chemoradiation or operated malignancies due for adjuvant radiation. 4) Buccal mucosa with infratemporal extension was excluded as the auditory apparatus cannot be shielded. 5) All patients who reported past hearing loss or ear surgery or CSOM were excluded. 6) All patients who received prior neoadjuvant chemotherapy were excluded.
To analyze and report the short term sensorineural hearing loss with radiation alone and chemoradiation in patients with oral cavity tumours (Ca tongue and Ca Buccal mucosa) treated with conventional radical radiotherapy and concurrent weekly cisplatin. All the patients received a dose of 66Gy/33# @ 2Gy/day as part of the radiation treatment. Postoperative patients also received 66Gy/33# instead of 60Gy/30# due to the high recurrence rates observed in the tobacco and gutka chewing populations of India. All patients completed the course of radiation from 6.5 to 9 weeks. All locally advanced patients received concurrent weekly cisplatin @ 40mg/m 2 per week. None of the patients received neoadjuvant or adjuvant cisplatin.
Materials and methods
Radiation planning was done using CT simulation, thermoplastic mask and I/V contrast with Oncentra 2.6 software version 4 with a Siemens Linear Accelerator using collapsed cone and pencil beam iteration systems. With a 90 o collimation, the average doses could be reduced by 4.6% in ipsilateral ear and 2.1% in contra lateral ear in BM patients and 5.6% in tongue patients and hence preferred to the 0 o collimation. The patients were treated as per the standard protocols mentioned in standard text books like Gunderson & Tepper [15] and Perez & Brady [16] . The upper field was adjusted to the base of the skull to include the retropharyngeal nodes. The 90 degree collimation gave the degree of freedom to shield the EAM and cochlea without compromising on the retropharyngeal nodal doses. Patients with Ca tongue received only scattered doses. The 90 o collimation also permitted the use of dynamic wedges. The anterior field could not be shielded in BM patients as it overlapped with the target volume. The 90 o collimation helped in better shielding of the brain stem and better coverage of posterior cervical nodes and retropharyngeal nodes as C1 vertebra was below it and the skull base had a concave shape at that level.
Tongue patients received parallel opposed fields with the upper border placed 2 cm superior to the mouth-bite or base of skull and a lower field to cover level 4, 5 and 6 nodes. Among the 16 patients, 7 had the upper border above the EAM. All the MLCs were ≥ 1cm from the CTV. The BM patients received anterolateral fields and similar ipsilateral lower fields. The MLCs were ≤ 7mm from the contoured CTV. The upper border was at the zygoma and happened to be above the EAM in 13 out of the 14 BM patients. Perpendicular wedges were used for BM planning with occasion field in field. Mean doses to the ME and cochlea were derived from the dose distribution table as DVH could not be generated due to low volume ME and cochlea. The final doses to ME & cochlea was the mean of the left and right ear as the tongue was a central organ unlike buccal mucosa which was ipsilateral. The Oncentra 2.6 software version 4 was capable of generating only isodose curves and not a colour wash like in the present iteration systems and hence only mean doses could be determined in small volume OAR's.
All the patients underwent a pure tone audiometry at the Department of ENT at Gandhi Hospital from May 2015 to Dec 2016. Audiometry was performed just before the start of radiation, 90 days after the initiation of radiation and 180 days after the initiation of radiation and was done in a sound proof audiometer booth with masking, when indicated. Both air (250Hz-8000Hz) and bone (500Hz -8000Hz) conduction curves were obtained. The PTA done at the start served as control.
results
All the patients completed the course of 66Gy/33#. Cisplatin dose was altered and treatment breaks were given to ensure that the prescribed radical dose was received. 18 The data showed that there were no statistical differences in the doses received by the ME or cochlea in both ears in tongue patients and they received only scattered doses (Table 1 ). There was a significant difference in ipsilateral and contra lateral doses in BM (494.54cGy± 49.85 Vs 3018.39 ± 108.07), p=0.0001 (Table 1 ). All the tongue patients who received RT or chemoRT had significant changes in hearing loss at 90 and 180 days (Tables 1 & 2) . Similarly all the patients with BM tumours had significant worsening of hearing in ipsilateral and contra lateral ears with RT and ChemoRT (Figure 2 ). There were no significant differences in the tongue ( Figure 1 ) and BM groups (Figure 2 ) in the ChemoRT or RT arms although one side of the BM received significantly higher doses of RT and had higher mean HR (35.25 ± 7.02 Vs 37.75 ± 7.72) (Tables 1 & 3) . The patients who received RT alone developed SNHL for higher frequencies rather than lower frequencies. In the patients receiving chemoradiation the SNHL was earlier and of mixed frequency. Abbreviations: IPS-ipsilateral, CONT-contra lateral, RTRadiation alone, ChemoRT-Chemoradiation.
Discussion
After careful clinical examination all patients were tested with pure tone audiometry, wherein hearing for air conduction was tested from 250Hz to 8 KHz and bone conduction from 500Hz to 4000Hz. Pure tone audiometry is a behavioural quantitative test used to measure hearing threshold levels (dB) of an individual enabling to assess the degree and type of hearing loss. It indicates the hearing threshold in dB that is required to perceive any tone at different or varied frequencies [17] . PTA can be done by any trained audiologist, less time consuming, causing no discomfort to the patients and easy to follow up.
It reflects a realistic assessment of hearing as it is interactive with the patient and environment.
In chemoRT for head and neck cancers, cisplatin is the most commonly used drug and is known for its high incidence of SNHL. The ototoxic effects of cisplatin are generally acute in nature and may be observed as early as 3-4 days after administration. Cisplatin initially affects the hearing at higher frequencies and later affects the lower frequencies depending on the duration and length of cycles administered. Its effects are bilateral, irreversible and progressive [18, 19] .
The ototoxic effects of cisplatin may vary amongst various populations in the world. This study was conducted in South India where the temperature and humidity are high and the majority of the treatment took place from March to September when South India experiences hot weather. The ototoxic effects of radiation are not as early as cisplatin and are usually observed after 3 months and gradually progresses from 6 months and reach the plateau at 2 years. Very few continue to have progressive SNHL up to 5 years. The cochlea and inner ear have very small volumes and get contoured in one or two 3mm slices making DVHs incalculable. Hence mean doses are mostly available for calculations for are sufficient [20] . The retrochochlear area was neither contoured nor evaluated. The symmetry of the cochlea and ME varies with each patient, basing on neck length, neck rest, flexion and extension of the neck and the serial axial slices on CT scans. Although studies suggest HL with chemoRT with doses as low as 10Gy [21] , we observed mild HL with doses as low as 3-5Gy.
We also observed that with chemoRT, even though lower radiation doses were delivered to the cochlea and ME (465.18 -491.50cGy) in tongue VS the larger doses delivered in BM (2992.64 -3044.14cGy), the hearing loss was statistically similar. This observation is probably because cisplatin has an individual variation in ototoxic effects and other factors like eustachian tube dysfunction leading to ME effusion, tympanic membrane thickening, ME edema and avascular necrosis of the ME ossicles. RT and ChemoRT with the given doses may lead to mild or moderate HL within 6 months and does not affect the QOL and may be reversed partially with treatment and rehabilitation. 
